Reaction of the isosteric methylenephosphonate analog of alpha-D-glucose 1-phosphate with phosphoglucomutase. Induced-fit specificity revisited.
The phospho form of phosphoglucomutase reacts with the isosteric methylenephosphonate analog of alpha-D-glucose 1-phosphate to produce the corresponding analog of alpha-D-glucose 1,6-bisphosphate plus the dephosphoenzyme. In a coupled reaction, kcat/Km = 1.7 x 10(3) M-1 s-1, which is about 2 x 10(-5) times that for the corresponding reaction with alpha-D-glucose 1-phosphate. The decrease in kcat/Km is divided more or less evenly between less efficient PO3- transfer and decreased binding, although smaller phosphates and phosphonates bind approximately equally. There is a much smaller difference in the binding of glucose 1-methylenephosphonate 6-phosphate and glucose 1,6-bisphosphate to the dephosphoenzyme: the binding ratio is < 1:35 when the glucose ring is oriented similarly. Preferred binding patterns for a number of substrates/inhibitors, studied by 31P NMR and UV-difference spectroscopy, suggest that in the ground state the phosphonate group is tolerated to a much greater extent at the catalytic subsite than at the phosphate-binding subsite, where binding specificity appears to be directed toward a tetrahedral-PO3(2-) group attached to a bridging atom that can act as a hydrogen-bond acceptor. Binding specificity at the catalytic subsite apparently is directed toward a different array, possibly (-O...PO3...O-)2-. Some of these results are considered in terms of a modified version of the "induced fit" concept of enzymic specificity, which is reexamined in view of implied thermodynamic restrictions. The internal rearrangement whereby the positions of the anionic groups of the phosphate/phosphonate are exchanged is compared with the analogous rearrangements involving glucose 1,6-bisphosphate and 1,4-butanediol bisphosphate. The supplementary material describes a three-step synthesis of 1-deoxy-alpha-D-glucose 1-methylenephosphonate together with a procedure for phosphorylating the phosphonate to produce an analog of alpha-D-glucose 1,6-bisphosphate and also describes a facile procedure for the qualitative conversion of organic phosphonates to inorganic phosphate.